. The U (•) and V (+) lightcurves of CH Cyg during its symbiotic phase. Periods of activity are seen best in U. Eclipses in the outer and the inner binary are denoted by E and e, respectively.
In active phases, very complex kinematics have been observed in the circumstellar matter. At the optical maximum, in 1982-84, an irregular infall of material to the central star was indicated (e.g. Skopal, Mikol ✥ ajewski & Biernikowitz 1989) . The transition to quiescence, in 1984-86, was characterized by an extreme (symmetrical) expansion of the wings of hydrogen lines up to ∼±2500 km s −1 (Mikol ✥ ajewski & Tomov 1986) and bipolar jets in the radio (Taylor, Seaquist & Mattei 1986; Crocker et al. 2001 ). In the 1992-95 active phase, a complex emission/absorption structure, predominately of the P-Cygni type, was a typical feature of the hydrogen line profiles (e.g. Skopal et al. 1996b ).
Mikol ✥ ajewski, Mikol ✥ ajewska & Tomov (1987) found that CH Cyg is an eclipsing system, while Mikol ✥ ajewski, Mikol ✥ ajewska & Khudyakova (1990) , (and references therein) found an ephemeris of JD min = (2 446 275 ± 75) + (5700 ± 75) × E. Hinkle et al. (1993) suggested a triple-star model consisting of an inner symbiotic binary contributing the short 756-d period, in orbit with an unseen G-K dwarf on a 14.5-yr period. Skopal et al. (1996a) found that CH Cyg was an eclipsing triple, and the star on the long-period orbit is a second giant. The eclipsing nature of the system was confirmed by Iijima (1998) . In this model only the symbiotic pair is responsible for the observed activity, with the HC being the active star. Preliminary fundamental parameters of the triple CH Cyg model were given by Skopal (1997) . The distance to CH Cyg is 270 ± 66 pc, based on Hipparcos satellite measurements (Viotti et al. 1997) .
Here we present contemporaneous Hubble Space Telescope HST and Very Large Array (VLA) imaging, high-resolution optical spectroscopy and UBV photometry. These were obtained during the most recent active phase of CH Cyg, which began in 1998 May.
O B S E RVAT I O N S

HST imaging
The HST observations were made on 1999 August 12, as part of GO programme 8330 on symbiotic stars. Three orbits were allocated to CH Cyg, and observations were made in seven filters; F218W, F437N, F469N, F487N, F502N, F547M and F656N . These were chosen to sample a range of diagnostic lines, along with the red and UV stellar continua. The exposure times and dominant lines for images presented here are given in Table 1 . Further details of these filters are available from Biretta et al. (1996) . The calibrated data were retrieved from the HST archive. Each exposure was executed in two subexposures to allow cosmic ray subtraction. The F547M image used here was dithered to allow recovery of the full spatial resolution. The pixel size was 0.0455 arcsec for the undithered images and 0.02 275 arcsec for the dithered ones.
Optical photometry
UBV photoelectric photometry was performed using a singlechannel photon-counting device mounted at the Cassegrain focus of 0.6-m reflectors at the Skalnaté Pleso and Stará Lesná observatories. HD 182691 (SAO 31623, V = 6.525, B − V = −0.078, U − B = −0.24) was used as a comparison star, and HD 183123 (SAO 48428, V = 8.355, B − V = 0.478, U − B = −0.031) as a check star. The uncertainty of these night-means is a few ×0.001 mag in the V and B bands, and up to 0.02 mag in the U band.
Optical spectroscopy
High-dispersion spectroscopy was secured at the Asiago Astrophysical Observatory with the REOSC Echelle Spectrograph (RES) equipped with a CCD detector mounted at the Cassegrain focus of the 1.82-m telescope at Mt. Ekar. In 1998 the RES was equipped with a Thompson THX31156 UV-coated CCD detector with 1024 × 1024 19-µm pixels. Dispersions of 3.1, 3.2, 4.0 and 4.5Å mm −1 were obtained in the ranges 4330-4460, 4800-4940, 5800-5990 and 6480-6670Å respectively. Exposures of 60 min were used. The RES echelle orders were straightened using software developed at the Astronomical Observatory of Capodimonte. Thereafter the spectroscopic data were processed by using the ESO MIDAS software package in the following steps: (i) flat-field and bias subtraction, (ii) sky-background subtraction, (iii) calibration in wavelength using a thorium lamp for comparison lines, (iv) correction for heliocentric velocity and (v) normalization to the continuum level of unity.
Additional high-dispersion spectroscopy was secured at the Special Astrophysical Observatory (SAO) in Nizhnij Arkhyz. Observations on 1999 January 3 and April 5 were secured with the Main Stellar Spectrograph equipped with a CCD camera with 1040 × 1160 pixels (Panchuk 1998) , located at the Nasmyth-2 focus platform of the 6-m telescope of the SAO. Spectra on 1998 September 29 and 1999 May 2 were obtained with the Coudé Echelle/Grating Spectrometer (Musaev 1998) . The spectrometer, equipped with a CCD camera with 1242 × 1152 pixels, was mounted at the 1-m 'Carl-Zeiss-Jena' telescope of the SAO. Finally, the last two spectra (1999 October 2, 2000 October 15) were secured at the Terskol Observatory (3100-m altitude, northern Caucasus) with the echelle spectrometer 'Maestro', equipped with a CCD camera with 1242 × 1152 pixels, attached to the 2-m 'Carl-Zeiss-Jena' telescope.
The continuum of all the spectra was scaled to fluxes determined by contemporaneous photometric measurements. The conversion between the magnitude system and corresponding fluxes was made according to Henden & Kaitchuck (1982) . The log of observations is given in Table 2 .
VLA imaging
The VLA observations presented here were made on 1999 September 26 at 4.74 GHz, with a bandwidth of 50 MHz. Comparison with the primary calibrator 1331 + 305 (3C 286) gave the flux of secondary calibrator 1927 + 612 as 1.335 ± 0.009 Jy at 4.74 GHz. The complex gain solutions for this calibrator were applied to CH Cyg. The VLA observations took place 46 d after the HST observations, and 8 d before the last optical spectrum. Crocker et al. (2001, hereafter Paper I) gives further details of the VLA imaging since 1984. Fig. 1 shows the behaviour of the optical continuum measured photoelectrically during the symbiotic phase of CH Cyg, which started in ∼1963. Variation due to activity is seen best in the U band. Our new observations are plotted in Fig. 2 , along with the times of the optical spectroscopy, and the HST and VLA imaging. Each value in these figures represents the average of the observations during a night. The start of the active phase in mid-1998 is clearly seen in B and U, while the suggested eclipse ingress in mid-1999 and egress at the start of 2000 is superimposed on the decline from the active state, which ended by mid-2000. Fig. 3 shows the presence of flickering on 1998 July 30, and its absence on 1999 July 19. This flickering is seen during the active phase, but not during the postulated eclipse of the inner binary by the outer giant marked E in Fig. 1 .
R E S U LT S
Optical photometry
HST WFPC2 images
The HST WFPC2 images from 1999 August 12 are presented in Figs 4 and 5. The central stars are located at the intersection of the diffraction spikes in e.g. Fig. 5(b) . In the images dominated by the the UV continuum, [O III] lines, Hα and Hβ (Figs 4a, b, c, and 5a, b) the emission is extended at a position angle of ∼165
• . The extension is ∼0.7 arcsec north and ∼1.7 arcsec south of the central stars. The structure of the extension is most clearly defined in the F502N image (Fig. 4c) , where three distinct compact components, one to the north (N) and two to the south (S1, S2) are identified. These components are also visible in the F218W image (Fig. 4a) , the F437N image (Fig. 4b) , the F487N image (Fig. 5a ) and the F656N image (Fig. 5b) . It is apparent from Fig. 5 (b) that S1 and S2 are somewhat confused with the diffraction spikes due to the central stars. However, these features are visible in Fig. 4(a) , where the point spread function (PSF) of the central stars is very weak. They also appear independently in each of the star-subtracted images in Figs 4 and 5. It is also possible to trace a 'loop' structure between S1 and S2, with different parts of the loop evident in different images. However the eastern edge of this loop lies along a diffraction spike, and so we cannot be confident that part is real, which is seen in Figs 4(b) and 5(a). Finally, there are partial rings of emission bracketing the central stars immediately to the east and west, the western one being most obvious in Fig. 4(a) . These may again be related to the PSF of the central stars, so we cannot be certain of their reality. The ratio of the F502N map to the F437N map is very close to a map of the ratio R O III of the [O III] lines around 5000Å and the one at 4363Å. Comparing a very approximate estimate of the continuum emission measure within the radius of the giant star with that for the extended nebula indicates that the innermost parts of the nebula have an emission measure ∼50 000 times that of the extended nebulosity. This means that the very inner regions, within the central pixel of the WFPC2 images, dominate the continuum emission, but nebular conditions result in line emission being less concentrated in the centre. Thus, we can approximately neglect continuum emission in the extended nebulosity. This analysis also explains why the λ4363-Å line is very weak or absent in the optical spectra, but is still visible in the images. Indeed, the total integrated emission in the F437N image indicates that our spectra have insufficient sensitivity to detect the extended region. The resultant R O III map is presented in Fig. 4(d) . In addition to features N, S1 and S2 being clearly seen in R O III , the loop to the south and west of the extension is picked out in high values of this ratio. Note that the region of this ratio map around the central stars cannot be used for nebular diagnostics due to the contribution from the stars and the significant continuum contribution.
Optical spectra
The spectrum from 1998 September 5 is shown in Fig. 6 , and it shows the typical characteristics during the active phase. It is characterized by emission lines of low ionization potentials, including lines from O I, He I, He II, Fe II and Ti II. Similar spectra have been seen in previous active phases (e.g. Skopal et al. 1996b ). TiO bands characteristic of an M giant are identifiable at λλ ∼ 4960, 5170 and 5440Å. The detail of the development of Ti II and Fe II lines in the region λλ4495-4538Å is shown in Fig. 7 .
The [O III] 5007-Å line is also evident, and the evolution of this and nearby lines is shown in Fig. 8 . We note that the [O III] 4363-Å line is absent both in and out of the postulated eclipse. The Balmer Hα, Hβ and Hγ lines are all double-peaked in this spectrum. In 1998 September these profiles are superimposed on a broad feature with a width of 1200 km s −1 . This feature persists in 1999, but is weaker, and disappears during the postulated eclipse of the inner binary by the outer giant (marked E in Fig. 1 ). The development of these lines in 1998, 1999 and 2000 is shown in Figs 9, 10 and 11, respectively. The Hα and Hβ profiles for 1999 September 5 and 1992 August 11 are compared in Figs 9(c) and 10(c), respectively, with the profiles in 1992 being single-peaked.
VLA images
The 4.74 GHz image is presented in Fig. 12 (a) to facilitate comparison with the HST Hα and Hβ images. The southern extension is clearly seen, and the radio peak is co-incident with the central stars in the HST images. Notable is the fact that the extension in the radio continues significantly further to the west, and that the brightest part of the extension (the fourth contour up) is co-incident with the loop apparent in e.g. Fig. 4 (c). The locations of features N, S1 and S2 are marked, allowing us to estimate the brightness temperatures at each point as T B,N ∼ 1600 K, T B,S1 ∼ 2500 K, and T B,S2 ∼ 260 K, taking the size of the features in the HST images into account.
Nebular diagnostics
A number of diagnostics of the physical conditions in the nebula can be derived from the images presented here. The ratio R O III of the F502N image (including both [O III] λλ4959 and 5007Å) to the F437N image (including [O III] λ4363Å) depends on both electron temperature T e and density n e (see Osterbrock 1989) . We use the formulation presented in Eyres et al. (2001) to perform this analysis. With the caveats noted in that paper, we can draw firm qualitative conclusions from Fig. 4(d) . We also note that Reiss (2000) finds that the CTE effect causes the brightness of the edge of an extended region closest to the readout amplifier to be under-estimated, but the brightness of the rest of the region to be essentially unaffected. The readout amplifier for images CH Cyg is at a position angle of 193
• . This means that the calculated R O III will be an under-estimate of the true value on that edge of the nebulosity.
In the case of CH Cyg, it is evident that there are strong Fe II lines in both the F437N and F502N passbands during activity (see Fig. 6 ). However, Fig. 11 demonstrates that Fe II is subject to eclipse, with the lines around λ4360Å completely disappearing between 1999 April 5 and 1999 October 2. Around λ5000Å, Fig. 8 complete disappearance of the Fe II lines around λ4360Å) indicates that the Fe lines orginate close to the binary. Thus, we believe the approximate R O III map is unaffected by Fe emission, except near the central stars, a region which we disregard as being unrepresentative of the nebular emission in any case.
As described by Eyres et al. (2001) , radio brightness temperature T b also depends on both electron temperature T e and density n e . Comparing and (c) for N, S1 and S2 respectively. It is clear that the main source of uncertainty in this analysis is the value adopted for l. A reasonable estimate would be to place it at somewhere between the largest and the smallest angular size seen on the sky. When estimated in this fashion, it also depends linearly on the distance. At a distance of 270 pc, this gives l N l S1 70 au, and 35 au < l S2 < 70 au. It is also possible that the extended emitting region has a depth along the line of sight very much different from the extension on the sky. Thus we also rather arbitrarily consider l N l S1 l S2 3.5 au and l N l S1 l S2 640 au, where the former value is approximately one tenth of the smallest angular scale on the image (the width of S2) and the latter value the largest angular scale on the image (∼2.4 arcsec). We restrict this size to that region contributing to these diagrams; Corradi & Schwarz (1997) and Corradi et al. (1999) find much more extended nebulosity, but we assume we are not seeing a very extended region of radio and [O III] emission end-on. The peak values of R O III are 4.5 (N), 9.5 (S1) and 7.3 (S2). From Section 3.4, we have T B,N ∼ 1600 K, T B,S1 ∼ 2500 K, and T B,S2 ∼ 260 K. On inspection, it is apparent that a value of l = 640 au gives a locus which is nowhere near the R O III locus for S2, so we do not include that locus in Fig. 13(c) . Interpretation of these diagnostic diagrams is made in Section 4.5.
The F469N image (Fig. 5c ) is dominated by He II λ4686Å emission. This filter is a discriminator of strongly ionized regions (see Osterbrock 1989). It can be seen from the image that feature N and the loop feature to the south are visible in He II.
Extinction mapping
If the radio emission is entirely thermal in nature, then the ratio of the radio emission to hydrogen line emission (e.g. Hβ) can be used to map the extinction across the nebula ). This in turn may be used as a tracer of nebular dust. In addition the minimum value of the extinction on this map is an upper limit on the true interstellar extinction. In the case of CH Cyg, we can compare the 4.74 GHz image (Fig. 12a) with the HST WFPC2 F487N image (Fig. 5a ). In order that the two brightness maps could be used to form the extinction map, the radio image was divided by the beam area = 0.1674 arcsec 2 and the Hβ image was multiplied by the filter width λ = 25.8Å. In addition, the Hβ image was convolved with the VLA beam to ensure the comparison of like-with-like. For T e = 10 4 K, the extinction is then given by
where F obs (Hβ) (erg cm −2 s −1 ) is the observed Hβ flux, represented in our case by the F487N image, and F ν (Jy) is the radio flux density, represented in our case by the VLA image. The resultant extinction map is presented in Fig. 12(b) , where the image is blanked beyond where the radio flux density dropped below the 3σ limit of 0.1 mJy beam −1 . The range of values in the unblanked regions is 0.54 < E(B − V ) < 1.6. Note that the value of E(B − V ) near the central stars cannot be trusted, as the emission there is not entirely nebular. In addition, to the south-west there is radio emission where little emission is evident in the optical, leading to the high values of E(B − V ) seen there. For those regions where there is significant Hβ emission and little contamination from the central stars, 1 < E(B − V ) < 1.2. 
D I S C U S S I O N
The 1999 U-minimum
At the beginning of 1999 June, the brightness of the star in U and B dropped by about 2 and 1 mag, respectively, in around 10 d, and persisted at this level for ∼6 months. In 1999 December we observed a sudden increase by 1 and 0.5 mag in U and B, respectively. An additional increase of brightness to ∼9 in U was observed in 2000 January (Fig. 2) . This minimum was superimposed on a decline from the peak of the active phase.
This minimum occurred close to inferior conjunction of the outer giant with the inner binary. It lasted for 6-7 months. Both the timing and the duration of the dip is similar to those of the eclipses in 1971 and 1985 (marked E in Fig. 1) , and all three dips are more pronounced in U than in B. Finally, the three dips are placed around 14.5 yr apart, close to the suggested period for the outer giant from radial velocity measurements (Hinkle et al. 1993 ) and optical and IUE spectra (Mikol ✥ ajeswki et al. 1990 ). Therefore we suggest that this minimum was caused by the eclipse of the active star in the symbiotic pair (i.e. the inner binary) by the giant star on the outer long-period orbit. Further observational results of ours support this interpretation as follows.
(i) The rapid (minutes to hours) variability in the blue continuum disappeared in the minimum, while out of the minimum it was seen clearly (Fig. 3) . Flickering variations represent a typical feature of CH Cyg activity. Such variability is generally thought to be connected with variations in mass-transfer rates, and hence active regions of an accretion disc. Flickering has already been reported by many authors (e.g. Slovak & Africano 1978) , but its absence during eclipse is a new result.
(ii) Fluxes in the hydrogen Balmer lines faded significantly (Hγ line disappeared) on 1999 October 2 (Figs 9, 10 and 11). Again, if the Balmer lines are associated with either an accretion disc or a mass outflow in the inner binary, this would support the eclipse There is an insignificant continuum contribution to the extended nebulosity (see Section 3.2 above). In addition, neither of these lines disappear completely during the U minimum.
(iii) The nebular [O III] 5007-Å line was, however, still present on 1999 October 2, and its flux was less than, but comparable with, that observed out of the eclipse, while the He I 5016-Å line faded significantly with respect to 1998 September 5 (cf. Fig. 8 ). From  Fig. 4(c) , a significant part of the [O III] line flux may originate from the extended nebula, and hence would not be eclipsed by the outer giant.
The fact that we could not differentiate the peaks in the F218W (ultraviolet continuum) and F547M (red continuum) filters is consistent with the stars being in or close to eclipse during our observations.
The line profiles
Hydrogen Balmer lines dominate the optical line spectrum of CH Cyg during its active phases. The line profiles display significant variations (Figs 9, 10 and 11). On 1998 September 5 we observed double-peaked profiles, symmetric with respect to the cen- tral absorption, superposed on a broad emission extended to about ±1200 km s −1 . On September 29 the profiles were still of the same type, but the broad wings were less pronounced. This basic doublepeaked morphology of the hydrogen profiles was also observed during the main 1977-85 activity (Hack et al. 1988; Anderson, Oliversen & Nordsieck 1980) . The very broad emission suggests the presence of a high velocity hot star wind, while the doublepeaked central part of the profile is consistent both with an accretion disc around the hot star or an expanding shell. The accretion disc interpretation is in agreement with previous works of Robinson et al. (1994) and Skopal et al. (1998a) . In addition, an accretion disc located at the orbital plane would divide the source of radiatively driven particles into two parts, which would naturally lead to the bipolar nature of the nebula (Figs 4, 5 and 12, and Paper I). However our data cannot clearly distinguish between an accretion disc and an expanding shell of material On 1999 January 5 the double-peaked profiles were significantly influenced by a strong blueshifted absorption component. As a result an absorption/emission structure had developed on the blue side of the lines -best seen in Hβ and Hγ (Figs 10 and 11) , superimposed on the double-peaked structure. This dramatic development was similar to that observed during the previous 1992-95 active phase (Skopal et al. 1996b ). Such evolution is consistent with an irregular mass outflow from the central star, probably more massive than via the hot wind. On 1999 April 5 the basic structure of the Hγ line profile returned to that observed on 1998 September 5 (however, only the region with Hγ was secured; compare Figs 11a and b), and on 1999 May 2 the profile was similar again to that of 1999 January 5. Finally, on 1999 October 2 emission in the hydrogen lines significantly decreased, with Hγ disappearing entirely, and the profiles lost the main characteristics observed on previous spectra. This occurred during the eclipse of the inner binary by the outer giant. The spectrum of 2000 October 15 (Fig. 9b) during the post-activity quiescent state, shows the emission in the Hα has sig- nificantly decreased. Only a faint emission placed at ∼6562Å can be seen. No signs of the mass outflow are present. This supports the connection of strong Hα emission with activity in CH Cyg, as suggested by Bode et al. (1991) . We note that CH Cyg has shown evidence of both outflow (e.g. this paper) and infall (e.g. Skopal et al. 1989 ) during active phases.
The most interesting result is the presence of two types of mass outflow from the active star -indicated unambiguously by our observations for the first time. These are an optically thin outflow, causing the broad >1200 km s −1 feature, and an irregular optically thick outflow, suggested by the blueshifted absorption of the doublepeaked hydrogen lines. The development of a high velocity stellar wind must be connected with the luminosity increase of the central active object. An ignition of the central parts of the accretion disc possibly results from a sudden increase of the transferred material from the giant star. This view is supported by the fact that both the 1992 and the 1998 outbursts began at the same orbital phase of the symbiotic pair, about 0.15 P orb prior to periastron passage (Fig. 14) . An increase of the blue continuum around the position of periastron was already noted by Skopal et al. (1996b) , (see their Fig. 2 ). This type of mass outflow was not clearly seen during the 1992-95 activity, but dominated during the 1984-86 transition from activity. We note that the rise in activity in 1977 occurred around apastron passage, but that activity phase was more prolonged than the two subsequent ones starting in 1992 and 1998.
In Fig. 7 , we see that on 1998 September 5 the Ti II lines were dominated by a central absorption feature, which also weakly modifies the Fe II emission profiles. Emission wings of these lines were extended to about ±200 km s −1 . By 1999 January the emission is narrower (±150 km s −1 ), and the absorption fainter and shifted blueward. Our last spectrum on 1999 April 5 shows only emission components of both the Ti II and the Fe II lines are present. The profiles extend to about ±50-100 km s −1 . An absorption feature probably cuts the Ti II emission profile from its blue side. Qualitatively, such evolution corresponds to expansion of a shell, which gradually becomes optically thinner. However, evolution in the hydrogen lines indicates that the process of such expansion is very complex, resulting in the high-velocity mass outflow from the active star in CH Cyg.
A massive outflow which totally destroys the blue wing of the emission profile resembles that observed in other symbiotics during outburst stages (e.g. BF Cyg - Cassatella et al. 1992; Skopal et al. 1997) . At present, the physical nature of such activity is rather uncertain. According to energy balance, it was suggested that the outburst of BF Cyg is powered by a thermonuclear runaway (Cassatella outburst. Qualitatively, it indicates that the accreted material around the active star was more massive during the recent activity.
The extinction towards CH Cyg
Many previous estimates of E(B −V ) exist, and are given in Table 3 . It is clear that fitting the 2200Å interstellar feature and photometric studies of the field around CH Cyg (Mürset et al. 1991; Selvelli & Hack 1985; Slovak 1982; Slovak & Africano 1978) give low values [0.01 < E(B − V ) < 0.1] while assuming emission from thermal gas at 10 4 K Blair et al. 1983 , and this paper) gives high values [0.79
In the case of our analysis (Section 3.6), taking T e = 10 5 K, as we suggest in Section 3.5, would have reduced the value of E(B − V ) by approximately 0.6 across the image. Extinction determined from the hydrogen lines (as in Ivison et al. 1991; Blair et al. 1983 ) would be similarly affected by the assumed T e . In Paper I we presented evidence that the bipolar radio jets in CH Cyg included a non-thermal synchrotron emission component, where the relativistic electrons were accelerated through shock interaction and required the continuous injection of fresh electrons. In this case F ν will be an overestimate of the true thermal contribution at 4.74 GHz, and so E(B − V ) will also be overestimated.
Conversely, if we take the ultraviolet-derived value of E(B−V ) 0.05 as the true interstellar extinction, then a gas temperature of 5 K is insufficient to fully explain the excess E(B − V ) determined from comparing the F487N image and the radio image. This means that there must be an additional contribution to the radio flux density over and above the thermal emission, further supporting the presence of a non-thermal component. We also note that the 2200-Å feature has not been seen in circumstellar dust, so that the ultraviolet (UV) method underestimates the total extinction in dusty sources.
An additional highly important effect influencing the extinction determination is that of self-absorption. This affects Hβ more strongly than Hα, and leaves the radio emission unchanged. Consequently, self-absorption has qualitatively the same effect as extinction by dust. If we consider the difference between the theoretical Hβ to Hα ratio and the observed ratio, this can account for an overestimate of perhaps 0.6 in E(B − V ), assuming that self-absorption is the only process causing this difference. From this it is clear that the combination of self-absorption, shock heating of the ejecta and a possible non-thermal radio component means that the value of E(B − V ) derived here can be readily reconciled with the much lower values derived for the field around CH Cyg and towards CH Cyg from fitting to the 2200-Å interstellar feature. We also note a northern feature which is symmetrically positioned about the central stars with the southern arcs; this feature is not commented upon by Corradi et al. (2001) . Further knots and plumes at around 10 arcsec from the central stars are also seen in NOT images (see fig. 1 of Corradi et al.) . The detail of the inner 2 arcsec of [O II] emission shows a southern extension coincident with the western edge of southern feature in e.g. Fig. 4(c) . We therefore identify the southern extension in Fig. 4(c) as the inner arc, while referring to the main southern feature at ∼4 arcsec from the central stars as the outer arc.
Further HST images
We suggest three possible relationships between these arcs and the activity associated with the central stars.
(i) The southern arcs at both ∼1.7 and ∼4 arcsec are due to multiple ejection events closely spaced in time, and associated with a single active phase. This would obviously require the outer arc to be travelling at approximately twice the velocity of the inner arc, assuming a common origin at the central stars.
(ii) The southern arcs at ∼1.7 and ∼4 arcsec are due to separate ejection events widely spaced in time, possibly related to activity in the central binary (see further discussion in Section 4.5. If the velocities are comparable, then the outer arc will have been travelling perhaps 2-2.5 times as long as the inner arc, assuming a common origin at the central stars.
(iii) One or both of the southern arcs are structures in the winds of the giant components. In this case, the radio emission and other structures represent an interaction between outflow during the active phase and the existing giant winds.
The origin of the nebula
The H-line spectra from 1998 show a broad emission feature underlying the bright double-peaked features. This is consistent with the presence of a high-velocity wind. This feature forms at the beginning of the 1998 brightening, and so can be associated with the active star. Assuming this wind started close to the active star around −1 , then by the time of the HST observations in 1999 August (∼340 days) we find that this wind should have an extent of 470 au. At the distance of CH Cyg, this is an angular size of ∼1.8 arcsec, comparable with that of the nebulosity seen in Figs 4 and 5. This is consistent with the idea that the inner nebulosity is ejected material associated with the optical active phases. It was noted in Paper I that the radio emission was typically significantly more extended during or shortly after previous active phases than during quiescent phases. The bipolar nature of the nebula in both 1999 and in earlier phases of extended emission (Taylor et al. 1986 ) is consistent with collimation of such an outflow either by an accretion disc or the giant winds.
Referring to Fig. 13 , we can see that the different values of R O III for the discrete features N, S1 and S2 allow a range of different conditions. The most difficult to understand are the diagnostic results for feature N. The R O III locus does not intercept the T b locus for the most likely value of l = 70 au. The largest value for which the T b locus intercepts the R O III locus is l = 6.8 au. In this case, T b 2 × 10 5 K, n e 10 6 cm −3 , i.e. a dense, hot region which is physically thin along the line of sight. A more likely explanation is that the R O III diagnostic is in some way contaminated for feature N. Such contamination could result from the star subtraction or an asymmetric continuum distribution, but it is difficult to assess the real cause.
The diagnostics for S1 and S2 are apparently more straight forward to describe. For the most likely value of l = 70 au, S1 has T b 4.8 × 10 4 K, n e 3 × 10 5 cm −3 . For l = 35 au, S2 has two points of intercept: T b 4.4 × 10 5 K, n e 2.2 × 10 5 cm −3 , and T b 6 × 10 6 K, n e 2.6 × 10 5 cm −3 . The largest value of l for a single intercept with the R O III locus for S2 is 65 au, where T b 1.6 × 10 6 K, n e 2.3 × 10 5 cm −3 . These are clearly subject to some of the same sources of contamination as evidently affects R O III for N, although presumably both the continuum and star subtraction have much lesser effects around S2.
In all cases it appears that T e > 10 000 K, the canonical value for photoionized nebulae, and possibly T e 10 000 K. The only way the nebulosity could have a temperature T e ∼ 10 000 K is if R O III 30, which seems an unlikely level of contamination. In addition, in Paper I we suggested that there was a non-thermal component to the extended radio emission. This would mean that the T b loci appear at too large values of n e (because T b is overestimated), and require even greater values of R O III to bring the T e down to canonical photoionized values. These high electron temperatures can only be sustained if the outflowing material is shock heated, presumably by interaction with the pre-existing giant winds.
We suggest that nebula features seen in fig. 1 of Corradi et al. (2001) and Figs 4, 5 and 12 in this paper are due to ejecta associated with the 1998-2000 active phase. We see two arcs to the south, and possibly a third arc to the north, which we attribute to two closely timed ejection events around the 1998 brightening phase. The outer southern arc is due to a much more energetic event, and is consequently much more extended and less dense during our observations in 1999 October. A strong second possibility is that the outer arc originated with the 1992-1995 activity phase, again as ejecta. The ratio of the sizes of the arcs is comparable with the ratio of the times since activity started in each case, indicating two phases of ejecta expanding at similar projected velocities in the plane of the sky (∼1000 km s −1 ). Corradi et al. (2001) report a tentative detection in N II of a third arc 0.35 arcsec to the west of the central stars. Again the ratios of the extents of these three arcs is in agreement with the time-separation of the three active phases, including the one that started in 1977. In this case, the expansion velocity in the plane of the sky would only be ∼260 ± 50 km s −1 . A third possibility is that the outer southern feature is a pre-existing structure in the winds of the giant components (travelling at a few 10s of km s −1 ) which has been illuminated by the activity of the central star, and perhaps the action of associated ejecta. In any case, however, the inner features appear most consistent with directly imaged ejecta from the 1998-2000 active phase, explaining both the structure on the sky and the structure of emission lines from the spectra.
With imaging at further epochs, it should be possible to distinguish between these possibilities. We note for example that tracking of any motion of the outer southern arcs in particular will possible from ground-based studies and should therefore be attempted (Corradi et al. 1999 , began this process). Ideally however further HST observations should be secured to answer these questions in a timely manner.
C O N C L U S I O N S
The results of this work include the following.
(i) Photometric observations show that during 1998 from May to July the brightness of CH Cygni increased by about 3 mag in U, entering a new active phase. Our observations also suggest the eclipse of the active star in the symbiotic pair by the giant in the outer orbit. The position, broadening and colours, of the dip, the disappearance of flickering in the blue continuum and the spectroscopic observations made during the minimum all suggest its eclipsing nature. From our long-term monitoring, we also suggest that the 1992-1995 and the 1998-2000 active phases began at the same orbital phase for the inner binary, ∼0.15P orb before periastron passage.
(ii) Two types of mass outflow from the active star were observed: a high-velocity hot star wind plus a massive outflow indicated through a sporadic and complex absorption/emission structure of the P-Cygni type on the blue side of the hydrogen lines. The former is consistent with an outburst in the central part of the accretion disc around the active star, while the latter remains to be understood.
(iii) The timing and velocity of the fast wind seen prior to the eclipse would lead directly to a nebulosity of the extent seen in the HST and VLA images. At the same time, this wind develops when the hot star becomes active, and the loss of the feature in eclipse demonstrates that it is associated with the inner binary. Thus we have the first direct evidence linking the extended nebulosity to the fast wind generated when the hot star becomes active. In addition, more extended nebulosity could be due to either a second, more energetic ejection event in 1998, or an ejection event in 1992-1993 with similar velocity.
(iv) Comparison of the radio emission with the [O III] line ratio shows that the extended emission has electron temperatures ∼100 000 K, consistent with a shocked outflow. If the radio emission has a dominant non-thermal component, as suggested in Paper I, then this analysis is valid only for the thermal component of the electron population. However the magnetic field compression necessary for non-thermal emission also requires a shocked outflow. Thus, whatever the nature of the radio emission in the extended nebula, we can conclude that a shocked outflow is present. We also demonstrate that the combined affects of self-absorption in Balmer lines, a non-thermal component to the radio emission and shock heating of the ejecta make estimating E(B − V ) from HST and radio data impossible in the case of CH Cyg.
(v) The double-arc structure apparent at ∼4 arcsec and ∼1.8 arcsec from the star suggests that the ejection process is episodic. The smaller-scale arc is consistent with ejecta travelling outwards at ∼1200 km s −1 following the brightening in 1998. This would place the outer arc either travelling much more rapidly and being ejected slightly earlier, or travelling at a similar velocity and hence being ejected a significant time before the 1998 brightening, perhaps during the 1992-1995 active phase. The latter explanation is consistent with the apparent lack of a higher velocity feature in the spectra. Alternatively one or both the arcs may be due to existing structures within the giant stars' winds, which have become apparent due to the impact of the activity in the central star and the development of high-velocity ejecta. Given the existence of wind features during the 1998-2000 activity, and the absence of such features outside of the active periods, we currently favour the explanation with multiple ejection events at different velocities.
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